Study design: This was a retrospective cohort study. Objectives: The objectives of this study were to determine clinical features of infection-related myelopathy (IRM) and functional outcomes compared with other nontraumatic and traumatic myelopathies. Setting: US academic inpatient rehabilitation unit. Methods: This was a 16-year retrospective review of patients with myelopathy discharged from inpatient rehabilitation between 1 January 1995 and 31 December 2010. Patients comprised three injury groups: IRM, nontraumatic myelopathy (NTM) and traumatic spinal cord injury (TSCI). Information collected includes demographic characteristics, functional data, length of stay, injury completeness and discharge destination. Primary outcome measures were change in Functional Independence Measure (FIM) and daily FIM change. For IRM, data were collected regarding injury characteristics, risk factors, presenting symptoms, neurologic impairment level and treatment. Results: Of the 1601 patients, 40 (2.5%) had IRM, 1105 (69.0%) had NTM and 456 (28.5%) had TSCI. IRM mean (s.d.) age was 58.6 (15.7) years (male gender, 72.5%). The majority in each group had incomplete injuries. IRM had longer lengths of stay (Po0.001), lower admission (P = 0.001) and discharge (P = 0.005) FIM scores and lower FIM daily change (P = 0.002) than NTM. Degree of functional improvement was similar in all groups, and most patients in each group were discharged home. Infectious pathogens were bacterial (80.0%, n = 32), viral (7.5%, n = 3), tuberculous (7.5%, n = 3), parasitic (2.5%, n = 1) and multiple types (2.5%, n = 1). The most common bacterial cause (65.6%) was Staphylococcus aureus. Conclusions: Infectious etiologies comprise a small proportion of NTM but represent a unique entity with distinct recovery patterns and outcomes. These patients can achieve similar functional improvements as other NTM patients during inpatient rehabilitation, although over a longer period of time.
INTRODUCTION
Infectious myelopathies represent a small, but important, subset of the nontraumatic myelopathies (NTMs) requiring inpatient rehabilitation. Although the exact incidence is unknown, studies have found that infection-related myelopathy (IRM) represents between 3% of patients in developed countries, such as the United States, and 49% of patients in developing countries with NTM who are admitted to inpatient rehabilitation units worldwide. [1] [2] [3] [4] [5] This variation is largely because of geographic and environmental factors, different health systems and access to health care. 4, 6, 7 IRM involving spinal epidural abscesses or tuberculosis is thought to cause injury through several mechanisms, including direct compression of the spinal cord, vascular occlusion causing ischemic injury and vertebral collapse with associated myelitis, whereas viral infections involve a more diffuse neural injury process. [8] [9] [10] IRM appears to affect more men than women and typically occurs during the fourth through seventh decades of life. 6, [11] [12] [13] [14] [15] [16] Studies performed in the United States, Spain, Australia, Singapore and Israel have shown that the most common cause of IRM is epidural abscess, 6, 16 with Staphylococcus aureus being the most commonly isolated organism. 6, [11] [12] [13] 15, 16 Mycobacterium tuberculosis is another common pathogen found to be a more prevalent cause of infectious myelopathy in Africa, Singapore and India, accounting for 30%, 46% and 25%, respectively, of reported IRM. 5, 11, [17] [18] [19] [20] Although the literature regarding rehabilitation outcomes of NTM is becoming more robust, it continues to be suboptimal for IRM. Of the published rehabilitation literature regarding this population, the methods and outcomes vary widely. The incidence of infectious etiologic factors varies across health-care systems throughout the world, making it difficult to extrapolate one center's results to apply to another. Infections represent a small proportion of the NTMs compared with other more common causes, such as vertebral spondylosis, spinal tumors and vascular ischemia, making this population challenging to study. Early surgical intervention can also affect patient's functional motor outcomes; 7, [21] [22] [23] however, it is unknown what percentages of these patients require rehabilitation after acute hospitalization. This lack of consistent data makes it difficult to properly counsel patients, families and medical providers on the expected clinical course and outcomes of infectious myelopathies.
The goal of the present study was to describe the clinical features of patients admitted to our inpatient rehabilitation unit with IRM and compare the functional outcomes of this group with those due to other causes of NTM and traumatic spinal cord injury (TSCI).
MATERIALS AND METHODS
A retrospective medical record review was performed of patients with the diagnosis of myelopathy who were discharged from a US academic inpatient rehabilitation unit between 1 January 1995 and 31 December 2010. The study population was divided into three groups on the basis of myelopathy cause: IRM, other NTM and TSCI. Because NTM and TSCI are distinct and seen in routine clinical rehabilitation practice, IRM is compared with each group to provide clinicians with a clinically relevant benchmark regarding similarities and differences of IRM.
The following data were collected on patients in all three groups: age at rehabilitation admission, gender, cause of myelopathy, completeness of injury as defined by the American Spinal Injury Association Impairment Scale, 24 rehabilitation admission and discharge Functional Independence Measure (FIM) scores, 25 rehabilitation length of stay (LOS) and dismissal location. Primary outcome measures used to compare all groups included total FIM change during rehabilitation and FIM change per day. Additional information collected of patients in the IRM group included presenting symptoms, infection risk factors, infection type (for example, myelitis, abscess, osteomyelitis), infectious organism, level of spinal cord injury (that is, cervical, thoracic, lumbar and cauda equina), neurologic level of impairment (paraplegia or tetraplegia), treatment (that is, antibiotics and surgical operation) and interruptions to rehabilitation stay. Several patients had pending cultures before transfer from the acute hospital setting; however, in most cases, the infectious organism was isolated before admission to inpatient rehabilitation. All patients in the IRM group were treated by an infectious disease specialist.
Means and s.d. values were calculated. Analysis of variance and pairwise comparisons were used to compare the primary outcome measures among groups with statistically significant values set at Po0.05 and Po0.02, respectively. Analysis of variance is a valid means of group comparison, despite the variation in sample size among IRM, NTM and TSCI groups. We can assume 'normality' of our sample mean using the central limit theorem that states that means will be normally distributed when each sample size is sufficient (that is, ⩾ 30). 26 Approval for this study was obtained from our institution's review board, and the approved protocol was followed. We certify that all applicable institutional and governmental regulations concerning the ethical treatment of human subjects were followed during the course of this research.
RESULTS
Over the 16-year study period, 1601 patients were discharged from our academic inpatient rehabilitation unit with a primary diagnosis of myelopathy. Of these patients, 40 (2.5%) were found to have infectious causes of myelopathy and comprised the IRM group. In addition, 1105 patients (69.0%) had NTM from another cause, and 456 (28.5%) had traumatic causes of myelopathy. Because of the referral bias to our institution and the slower onset of NTM, patients with NTM are able to travel to our center for diagnosis and treatment. This accounts for the large number of NTM patients compared with TSCI patients in our study population. Of the IRM, 1.2% (n = 3) occurred between 1995 and 1999, 2.9% (n = 11) between 2000 and 2004 and 5.0% (n = 26) between 2005 and 2010. As our study was not population based, we do not know whether the increasing percentage of cases from IRM was because of referral bias or a change in disease frequency in the population.
IRM group
Infectious pathogens were grouped according to the International Spinal Cord Society Data Sets for nontraumatic spinal cord injury, 27 with the exception of classifying tuberculous infections as a separate group from bacterial. Pathogen types were bacterial (n = 32, 80.0%), tuberculous (n = 3, 7.5%), viral (n = 3, 7.5%), parasitic (n = 1, 2.5%) and more than 1 pathogen type (n = 1, 2.5%) ( Table 1 ). The final patient had concomitant spirochetal and viral infections. No fungal infections were found. Infectious pathogens were identified with use of tissue or blood culture or both. Of the patients with bacterial causes, 26 were infected with a single organism, 3 with multiple organisms and 3 with negative cultures, but organisms were presumed to be of bacterial origin on the basis of imaging and surgical findings.
S. aureus was the most common organism in the bacterial group (65.6%). Of the bacterial infections, epidural abscess was the most common infection type, affecting 91% of these patients; 53% had vertebral osteomyelitis; 50% had discitis; 38% had infections involving all sites; and 19% had infection involving 2 sites. One patient had bacterial meningoencephalitis.
Viral causes included human immunodeficiency virus myelitis, West Nile virus myelitis and encephalomyelitis. One patient had concomitant varicella zoster myelitis, neurosyphilis and human immunodeficiency virus infections. The patients with tuberculosis had myelopathy associated with discitis (n = 1) or spondylitis (n = 2), also known as Pott's disease. The parasitic cause of myelopathy was schistosomiasis myelitis.
Twenty-five patients (62.5%) had paraplegia and 15 (37.5%) had tetraplegia. Among infections, 75% involved single spinal segments and 25% involved multiple spinal segments. The thoracic spine was the most commonly involved spinal segment (n = 21, 52.5%). Sixteen patients had involvement of the cervical spine; 16 had involvement of the lumbar spine and 2 had involvement of the cauda equina.
Risk factors for infection were identified on the basis of those reported in prior studies 6, 11, [13] [14] [15] [16] (Table 2 ). The patient with schistosomiasis myelitis had no identifiable risk factors, but all other patients had at least one risk factor. The most common presenting symptoms included pain (60%) and weakness (53%). Tuberculous infection (n = 3) Mycobacterium tuberculosis 3 (7.5)
All patients in the IRM group had evidence of acute infection, with one exception. This sole patient had acute myelopathy secondary to progressive structural spine destruction because of Pott's disease.
All patients with bacterial infections received initial intravenous antibiotic treatment, and 59% received oral antibiotics following completion of intravenous therapy. Disease-specific treatment was performed for the patients with syphilis, schistosomiasis and active tuberculosis. Twenty-eight patients with bacterial infections (88%) and 2 of the 3 patients with tuberculosis underwent surgical intervention.
The rehabilitation courses of seven patients were interrupted because of acute medical issues. This subset contained six patients with bacterial infections and one patient with active tuberculosis. Reasons for these interruptions included psychiatric hospitalization for suicidal ideation (n = 1), wound dehiscence (n = 1), worsening neurologic deficits requiring unplanned surgical intervention (n = 2), planned surgical interventions with 1 related and 1 unrelated to myelopathy (n = 2) and mental status change because of narcotic medication (n = 1). The patient with wound dehiscence did not return to the rehabilitation unit following surgical intervention. The remainder of the patients returned to the unit, and their lengths of rehabilitation interruption ranged from 4 to 30 days.
All groups
The IRM group included myelopathy due to infections of any type. The NTM group included other NTMs, as defined by the International Spinal Cord Society non traumatic SCI Data Set. 27 The most common causes in the NTM group were degenerative disease (41%), tumor (32%), vascular disease (12%), inflammatory disease (5%) and congenital disease (4%). The TSCI group contained patients with any cause of traumatic myelopathy. Table 3 summarizes the demographic data for all groups, including age, gender and completeness of injury. The IRM and NTM groups were significantly older than the TSCI group (Po0.001). The majority of patients in each group were male and had incomplete injuries, measured at rehabilitation discharge.
The IRM group had significantly longer inpatient rehabilitation LOS (mean 31, 95% confidence interval 25-37 days; Po0.001) than the NTM group (mean 16 days), but had no difference from the TSCI group (mean 31 days). The IRM group had significantly lower admission and discharge FIM scores and lower FIM change per day than the NTM group (Table 4) . Functional status, measured by FIM scores, was not significantly different between the IRM and TSCI groups. Among all groups, no significant differences were found in total FIM change during rehabilitation. The majority of patients in each group were discharged home following inpatient rehabilitation (IRM, 62.5%; NTM, 59.0%; and TSCI, 74.1%).
DISCUSSION
Our study validates many clinical characteristics and patterns of recovery previously reported for patients with IRM in developed countries and adds to the growing number of studies comparing NTM and TSCI. It also provides a unique contribution to the literature by comparing demographic characteristics and outcomes of IRM vs other causes of NTMs.
Compared with the other causes of NTM, patients with IRM had more severe functional impairments on rehabilitation admission and discharge and longer inpatient rehabilitation LOS. Despite a greater initial degree of impairment, patients with IRM had a similar degree of functional improvement as patients with other causes of NTM, and the majority of patients in both groups were discharged home following inpatient rehabilitation. Only one other study by New and Astrakhantseva 6 has compared infectious myelopathy with other causes of NTM and has found similar improvements in functional outcomes.
When comparing functional outcomes between our IRM and TSCI groups, we found admission and discharge FIM scores, LOS and discharge destination to be similar between the two groups. As a result, it may be reasonable for clinicians to use TSCI outcomes at their institution to estimate outcomes for patients with IRM. Multiple prior studies have compared IRM and TSCI, with varied results. [14] [15] [16] Zafonte et al. 14 compared myelopathy due to epidural abscess with TSCI and found significant functional improvements in both groups; however, the TSCI group had a greater degree of improvement. The traumatic group in that study also had significantly longer inpatient rehabilitation LOS (mean 39.5 days) than the epidural abscess group (mean 27.3 days; Po0.01). The majority of patients in both groups were discharged home.
Koo et al. 15 in British Columbia also compared myelopathy due to epidural abscess with TSCI. They found the epidural abscess group had lower admission functional motor scores but showed a significant trend (P = 0.047) toward greater neurologic improvement in this group. In contrast, McKinley et al. 16 compared IRM of any type with TSCI in the United States. Their study found no significant difference among rehabilitation LOS, admission or discharge FIM scores between the two groups; however, the IRM group had significantly lower FIM score changes (Po0.05), lower FIM score change per day (Po0.05) and was less likely to be discharged home following inpatient rehabilitation. Despite these findings, 450% of patients in the IRM group were discharged home vs 470% in the TSCI group. Other studies of IRM outcomes performed without comparison groups have also found positive outcomes. Yen et al. 11 studied pyogenic and tuberculous causes of myelopathy in Singapore and found both groups had significant functional gains with activities of daily living and mobility during rehabilitation (Po0.05), with the majority discharged home. LOS on the inpatient rehabilitation unit in their study ranged from 15 to 150 days (mean 73 days). New et al. 2 and New and Astrakhantseva 6 in Australia studied spinal IRM of all causes and found these patients made significant FIM motor score improvements (Po0.001) during rehabilitation, with lengths of stay ranging from 65 to 135 days (mean 106 days). The authors noted that unlike the US health-care system, there is no limit for LOS on their inpatient rehabilitation unit and their patients tend to have longer LOS than those in the United States. This factor may contribute to their findings of higher FIM motor scores at discharge and a greater percentage of patients discharged home. 6 Demographic characteristics of our IRM group, including age and gender, mostly confirm those of prior studies 6, 11, [13] [14] [15] [16] with a couple of exceptions. Morillo-Leco et al. 12 in Spain and Nas et al. 28 in Turkey studied populations with a higher proportion of cases due to spinal tuberculosis and found their subjects to be younger, with mean age at admission of 37.3 and 37.9 years, respectively. Infection risk factors in our study were consistent with prior literature, with the exception that our population had a lower proportion of intravenous and illicit drug use, 6, 11, [14] [15] [16] likely reflecting the sociodemographic characteristics of our regional population.
We add to the growing body of evidence that patients with IRM present most commonly with pain and weakness from an epidural abscess and this results in incomplete paraplegia. 6, 11, 16, 21 Our study validates previous studies performed by Yen et al. 11 Nas et al. 28 Weingarden and Swarczinski, 13 Curry et al. 23 and McKinley et al. 16 that found the thoracic region to be most commonly involved. This outcome seems to be an unresolved issue, however, because Koo et al. 15 found the majority of patients with IRM had cervical level, complete injuries, and Ribeira et al. 17 Connor et al. 7 and Patel et al. 22 found the most common level of involvement to be the lumbar spine. Few studies have evaluated the effect of level on outcome, however, Zafonte et al. 14 found that patients with thoracic and lumbar lesions had greater FIM motor gains, but the finding was not statistically significant (P = 0.13). In our population, as well as many prior study populations, the most common infectious organism isolated was S. aureus. 6, 7, [11] [12] [13] 15, 16, 22 Pathogens differ geographically, however, as tuberculosis continues to be a prevalent cause of IRM in Africa, India and Singapore. 5, 11, [17] [18] [19] [20] Shweikeh et al. 21 recently conducted a review of incidence and management of bacterial epidural abscesses and emphasized the importance of early diagnosis and treatment of this condition, with reported mortality rates between 5 and 23% and morbidity rates between 33 and 47%. In our series, 75% (n = 30) underwent surgical intervention. Worldwide, the proportion of patients treated operatively varies considerably, ranging from 37% to 92%. 6, 11, 13, 15, 21, 22, 28 Studies have suggested that such a wide range in management may be attributed to variation in health-care systems, access to health care, allocation bias, available resources, patient comorbidities and extent of the lesion. 4, 7, 21 Management also seems to vary because of infectious etiologic factors, with a higher proportion of patients with tuberculosis of the spine undergoing surgical intervention. 11, 17 The majority of recent studies suggest antibiotic therapy and surgical management within 72 h of the onset of neurologic deficits in patients with comorbidities that place them at high risk of having medical management fail, such as diabetes, age 465 years and cultures positive for methicillin-resistant S. aureus. 21, 23 Our study is, to our knowledge, the first investigation to compare functional outcomes of IRM with both other nontraumatic and traumatic myelopathy populations. Although there were significant age differences, the IRM group had similar levels of functional impairment, achieved the same degree of functional improvement during inpatient rehabilitation and had similar lengths of stay as our TSCI population. Despite a higher degree of functional limitation compared with other causes of NTM, our patients with infectious causes of myelopathy achieved the same degree of functional improvement as other causes of NTM, although over a longer time spent in rehabilitation.
Our study has a number of limitations worth noting. Its design is a retrospective cohort, causing some limitations in the availability of data. It has a small sample size; however, it is one of the larger studies regarding rehabilitation outcomes for IRM. Similar to other tertiary centers, our center is subject to referral bias. Despite these limitations, our study validates the findings of prior studies and extends them through our comparison to all other NTMs.
Additional studies are necessary to determine the long-term prognosis in IRM, and prospective studies are needed to identify factors predictive of outcomes, such as ambulation. Although challenging, a study investigating the role of surgical intervention would also be of interest. 
CONCLUSION
Infectious etiologies have been found to comprise between 3 and 49% of the NTMs 1-5 and represent a unique entity with distinct recovery patterns and outcomes. In our cohort, patients with infectious myelopathy were similar to patients with TSCI with regard to functional impairment and outcome. Patients with IRM achieved a similar degree of functional improvement during inpatient rehabilitation as the NTM cohort, although over a longer period. Future investigations should study this population prospectively with long-term follow-up to improve our collective knowledge to better educate patients, families and medical providers regarding the long-term outcomes of IRM.
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